ABSTRACT
Introduction
Mouse embryonic stem (eS) cells are derived from the inner cell mass of blastocysts and retain pluripotency when cultured in vitro in the presence of leukemia inhibitory factor (liF) (12) . Mouse eS cells are valuable for characterizing the functions of specific genes in pluripotency and differentiation, especially through genetic modification.
Promoters that are known as being effective for high-level transgene expression in mammalian cells, but potently silenced in mouse eS cells (9) , include a promoter derived from human cytomegalovirus (cMVp) (4) . it is also well known that the composite promoter cAGp (7, 13) , which contains an enhancer element from cMVp coupled with elements of the chicken β-actin promoter and rabbit β-globin gene (intron II acceptor site), is powerful and versatile for the expression of transgenes in mammalian cells. the human polypeptide chain elongation factor-1α promoter (EFp) (10) or CEFp (6) , which combines eFp with the enhancer element from cMVp, is known as powerful and versatile promoters. the robustness of these promoters derived from housekeeping genes for transgene expression in mouse eS cells is well established. eFp activated transgene expression more efficiently than CMVp in mouse ES cell lines D3, derived from 129/Sv mice (3, 5) , and J1, derived from 129/SvJae mice (3) . in these reports, the activity of cAGp was also analyzed in D3 and J1 cells; cAGp drove transgene expression at a significant level, but was apparently weaker than eFp. eFp (1, 17) and cAGp (1, 17) were evaluated as being highly effective in mouse eS cells derived from 129/ Svev mice, such as cce cells, while cMVp had also moderate activity in these cells (1, 17) . therefore, it seems that the activity of eFp and cAGp for transgene expression varies in respective sub-strains of mice used for the establishment of eS cells or eS cell lines. Accordingly, we concluded that basic scientific knowledge regarding the promoter activities for transgene expression in each eS cell line will be very valuable.
Mouse eS cell line e14, established from blastocysts obtained from 129/olahsd mice, and its derivatives, e14tg2a, eB3, and eB5, are widely used for the generation of gene knock-out mice, the generation of mice cloned from eS cells by nuclear transfer, or the characterization of specific gene functions (2, 11, 12, 14, 16) . In E14-derived ES cells, CAGp and eFp have been used successfully, but empirically, for transgene expression. in this report, we compared the activities of viral and housekeeping gene promoters in eB3 cells, as a representative e14-derived eS cell line, and somatic cells both in transient and stable expression systems.
Materials and Methods
Cell culture eB3 cells, a feeder-free, germline competent mouse eS cell line, were cultured as described previously (14) . human liF (made in-house) was added during the cultivation of eS cells
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to prevent differentiation (15) 
Construction of β-gal expression vectors
β-gal expression vectors were constructed using a mammalian expression vector harboring cAGp, pMK10 59 (7) . this vector expresses a single mRnA concomitantly encoding a gene of interest, an internal ribosomal entry site derived from the encephalomyocarditis virus and a neomycin resistance gene (neo r ). Such dicistronic vectors are advantageous to ensure the co-expression of the desired gene in cells expressing neo r . the lacZ gene was introduced under the control of cAGp in pMK10 59 , and the vector was designated as pCAG-INβ. CAGp in pCAG-INβ was replaced by CMVp excised from pRc/CMV (Invitrogen, San Diego, CA, USA) or CEFp (6) , and the resultant vectors were designated as pCMV-INβ and pCEF-INβ, respectively. These vectors do not contain SV40 ori, thereby the episomal replication of plasmids in coS7 cells expressing SV40 large t antigen is not allowed.
Transfection of DNA and selection of stable transfectants eB3, nih3t3, or coS7 cells, were transfected with the respective β-gal expression vectors by lipofection method in 6-well dishes as described previously (14) . An enhanced GFP expression vector without SV40 ori was cotransfected to monitor the efficiency of transfection in each experiment. After a 48-h incubation period following transfection, the activity of β-gal in cell lysates was quantified (8) and the ratio of cells expressing GFP was determined by fluorescence microscopic observation.
For the isolation of stable transfectants, the cells were inoculated into culture dishes (90 mm diameter) with medium in the presence of G418 (200 and 550 µg/ml for eB3 and nih3t3 cells, respectively). Stable transfectants were selected by cultivation with G418 for 2 weeks. Then, β-gal expressing colonies were visualized using an X-gal-based β-gal staining technique (8) . Subsequently, drug-resistant colonies were visualized by Giemsa staining.
Statistical analysis
The statistical significance of differences between sample means was determined by Student's t-test. The ratios of β-galpositive to total drug-resistant colonies in transfectants were analyzed by chi-square test.
Results and Discussion
First, the promoter activities were compared in the transient expression system. there were some differences in the expression levels of β-gal according to the expression vectors (Fig. 1) . cAGp was the most powerful promoter in eB3 and somatic cell-derived NIH3T3 and COS7 cells: β-gal expression driven by cAGp was 5-to 7-fold more active than that of ceFp in eB3 (P<0.05) and nih3t3 cells. the activities of ceFp and cMVp were almost equivalent in eB3 and nih3t3 cells, but in COS7 cells CMVp was 2.6-fold more active than CEFp (P<0.05). in the transient expression system, both the viral and housekeeping gene promoters seemed to function sufficiently in eB3, nih3t3, and coS7 cells. , and pCMV-INβ (CMVp), in 6-well dishes were inoculated into culture dishes (90 mm diameter) in the presence of 200 µg/ ml G418 and liF. Stable transfectants were selected by cultivation with G418 in the presence of LIF for 2 weeks. Then, β-gal expressing colonies were visualized using an X-gal-based β-gal staining technique with representative dishes (β-Gal). Subsequently, drug-resistant colonies were visualized by Giemsa staining (Giemsa); (B) The ratios of β-gal-positive to total drugresistant colonies in eB3 (eS) and nih3t3 cells transfected with pcAG-INβ (CAGp), pCEF-INβ (CEFp), or pCMV-INβ (CMVp). The drug-resistant colonies were treated as indicated in (A). Data are expressed as mean ± Se (n=3). The ratios of β-gal-positive to total drug-resistant colonies in pCAG-INβ-or pCMV-INβ-transfectants were compared statistically with that of pCEF-INβ-transfectants within each cell line. The ratios of β-gal-positive to total drug-resistant colonies in transfectants were analyzed using the chisquare test. *; P<0.05. #; No β-gal-positive colonies next, the promoter activities were compared in a stable expression system. β-gal expression vectors were transfected into eB3 and nih3t3 cells. After a 48-h incubation period following transfection, 20±4.7%, 22±5.8%, and 19±2.4% (mean ± SE, n=3) of EB3 cells transfected with pCAG-INβ, pCEF-INβ, and pCMV-INβ, respectively, were judged as GFP-positive, indicating there were no apparent differences in transient transfection efficiencies among the respective β-gal expression vectors. However, in pCMV-INβ-transfected eB3 cells ( Fig. 2A) , almost no colonies (<10 colonies/dish) were obtained in the stable transfection system 2 weeks after transfection. it was demonstrated that expression of the dicistronic mRNA concomitantly encoding β-gal and Neo r driven by cMVp was below the threshold level to form G418-resistant colonies under the selective pressure applied in this study. in contrast, a number of G418-resistant colonies were obtained by transfecting with pCAG-INβ (332±9 colonies/dish, mean ± SE, n=3) and pCEF-INβ (322±7 colonies/dish) into EB3 cells, indicating that a sufficient level of the dicistronic mRnAs was expressed even in the stable expression system. Because the X-gal-based β-gal staining technique is relatively low in sensitivity, the method was adopted to detect colonies highly expressing the dicistronic mRNA encoding β-gal as the first open reading frame. The ratios of β-gal-positive to total drug-resistant colonies in the pCAG-INβ transfectants (67%, Fig. 2B ) were 2-fold higher (P<0.05) than that in the pceF-INβ transfectants (31%), whereas no β-gal-positive colonies were obtained in pCMV-INβ transfectants. On the other hand, in somatic cell-derived nih3t3 cells, all of the promoters enabled certain expression lines to be obtained at rates from 3% to 16%. The ratio of β-gal-positive colonies even in pCMV-INβ transfected NIH3T3 cells was higher (P<0.05) than that in pCEF-INβ transfectants. Collectively, in the stable expression system, promoters derived from housekeeping genes functioned well for transgene expression, whereas cMVp was potently silenced in eB3 cells. it was also demonstrated clearly that cAGp was more active than ceFp not only in eB3 cells but also in nih3t3 cells.
Conclusions
the present study demonstrated the robustness of cAGp than ceFp not only in a mouse eS e14-derived eB3 cells but also in coS7 and nih3t3 somatic cells. to the best of our knowledge, this is the first delineation of these promoter activities in e14-derived eS cells both in transient and stable expression systems. the results obtained herein also provide basic scientific knowledge regarding the promoter activities for the transgene expression in representatives of eS and somatic cells.
